We successfully synthesized a garnet-type Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 polycrystalline sample at a relatively low temperature of 700°C using pyrochlore-type La 2 Zr 2 O 7 and weberite-type La 3 TaO 7 as precursor oxides. The cubic garnet-type structure with the lattice parameter of a = 1.29577(1) nm was confirmed using powder X-ray diffraction data. The primary particle size of the present Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 sample was about 2¯m, which is considerably smaller than that prepared using conventional solid-state reaction at higher temperatures. Thermogravimetry differential thermal analysis data confirmed that the reaction between LiOH·H 2 O and precursor oxides occurred above 500°C after the dehydration reaction of LiOH·H 2 O.
Introduction
Solid-state Li-ion batteries (LIBs) have attracted much attention as the next generation battery system due to high energy density and high safety. Especially, the safety issue in the present LIBs using flammable organic liquid electrolytes would be solved using inorganic solid electrolytes. Garnet-type Li 7 1) The cubic form of Li 7 La 3 Zr 2 O 12 shows an excellent Liion conductivity among oxide materials and a wide electrical potential window. As previously reported, the partial substitution of Zr site in Li 7 La 3 Zr 2 O 12 with Ta or Nb is an effective way to improve the Li-ion conductivity (³10
¹4
S/cm at room temperature).
2)7) Recently, we successfully synthesized the garnet-type Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 (LLZT) samples via conventional solid-state reaction and revealed a relation between crystal structure and electrochemical property.
8),9) However, high temperature above 1100°C was needed to prepare a single-phase LLZT sample by the solidstate reaction. From the viewpoint of industrial manufacturing, Li vapor during high-temperature reaction gives significant damage to electric furnaces. Moreover, excess Li source should be added to compensate for its volatilization during high-temperature heating.
In the case of Li 7 La 3 Zr 2 O 12 , various low-temperature synthetic methods using solgel processes 10)13) or some precursor materials such as pyrochlore-type La 2 Zr 2 O 7 14), 15) have been developed to avoid Li loss during hightemperature treatment. However, LLZT samples have not been synthesized yet using such low-temperature methods.
In the present study, we proposed a novel synthetic route and prepared LLZT samples using pyrochlore-type La 2 Then, the mixture was calcined at 700°C for 12 h in air using a high purity alumina crucible.
Characterization
The phase purity and crystal structure were examined using the powder X-ray diffraction (XRD, SmartLab, Rigaku) with 2ª step of 0.02°and Cu K¡ 1 radiation ( = 0.1540598 nm) at room temperature. Thermal-gravimetry (TG) and differential thermal analysis (DTA) were measured using TG/DTA (STA7200, SII) with a heating rate of 10°C/min in air flow atmosphere. The elemental analysis and particle morphology observation of the present sample were performed using scanning electron microscope-energy dispersive X-ray spectroscop (SEM-EDX) (JSM-6000, JEOL) at an acceleration voltage of 15 kV. 16) and orthorhombic weberite-type La 3 TaO 7 (space group: Cmcm), 17) respectively. Their lattice parameters were determined using least squares method as a = 1.08318 (1) 
Results and discussion

Phase identify
16),17) Figures 2(a) and 2(b) show the SEM images of the particle morphologies of La 2 Zr 2 O 7 and La 3 TaO 7 . The primary particle sizes were about 12¯m for both samples. Figure 3 shows the XRD pattern of the garnet-type Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 prepared using the present precursor oxides. All of the observed peaks can be indexed to the cubic garnet-type structure (space group: Ia-3d), and no impurity phase was observed. The lattice parameter was determined to be a = 1.29577(1) nm by the least-squares method. Accordingly, the garnet-type Li 6 Journal of the Ceramic Society of Japan 127 [6] 374-377 2019 in the sample during XRD measurements, as recently reported.
18), 19) The crystallite size of the present sample was estimated from the XRD pattern using Scherrer's equation.
where k is Scherrer constant (0.9), is wavelength of X-ray, ¢ is full width at half maximum (FHWM) and ª is diffraction angle. According to the calculation, the crystallite size of the present sample was 43 nm.
TG analysis
To investigate the reactivity between LiOH·H 2 O and the precursor oxides, we performed TGDTA measurement in the temperature range from 30 to 900°C. Figure 4 shows TG and DTA curves for the mixture of LiOH·H 2 O, La 2 Zr 2 O 7 , and La 3 TaO 7 . The TG curve indicates that the weight loss with endothermic reaction consisted of mainly two steps below 100°C and around 400°C, corresponding to the dehydration process of LiOH·H 2 O. The weight loss in the temperature range from 20 to 900°C was c.a. 16 wt %, which is in good agreement with that calculated from the release of H 2 O. This result suggests the formation of LLZT in the temperature range between 500 and 600°C. Figure 5 shows the SEM image of the particle morphology of Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 prepared using precursor oxides. The particle shape was spherical. The primary particle size was about 2¯m, which is considerably smaller than the sample prepared using the conventional solid-state reaction.
Particle morphology
8) It should be emphasized that the uniform and small particle morphology in the present sample could be achieved by reducing the reaction temperature between lithium hydroxide and precursor oxides. Figure 6 shows the EDX spectrum of the present sample. The Al elements peak was not detected, indicating that the Al contamination did not occur from the Al 2 O 3 crucible in the present synthesis procedure.
Conclusion
In summary, we successfully synthesized the garnettype Li 6.5 La 3 Zr 1.5 Ta 0.5 O 12 at a relatively lower temperature of 700°C using pyrochlore-type La 2 Zr 2 O 7 and weberitetype La 3 TaO 7 as precursor oxides. The cubic lattice parameter determined using XRD data is in good agreement with the reported value. The uniform and small primary particle morphology in the present sample could be achieved by reducing the synthetic temperature. We believe that the low temperature synthesis of solid electrolyte is very important from the viewpoint of low temperature cosintering of electrode and electrolyte materials to realize all solid-state LIB using sintering process. Here, unfortunately, we could not obtain dense sintering pellets of garnettype LLZT materials using the precursor oxides. However, the dense sintered materials may be achieved by controlling the particle size and the distribution of precursor oxides.
